Clearing Current Due to Primary Ionisation
Clearing electrodes remove electrons produced by ionisation of the residual gas in the ISR. The clearing current from a section of length L is related to the beam current I and the absolute pressure P by IC = 0.76 I L P. The described monitoring system measures clearing currents from over 300 electrodes with a sensitivity of 20 pA, adequate to observe pressure changes of 5 10-14 Torr. As compared with conventional UHV gauges which measure only locally, clearing currents yield the integrated pressure along the beam. For maximum flexibility and to cope with future extensions, the control and data acquisition system has been designed around a microprocessor unit connected through an existing CAMAC link to the central ISR computer. Measurements have been performed of the pressure stability in the presence of high intensity beams and of the secondary ionisation rate by electrons trapped in local neutralization pockets. At several occasions, large clearing currents were observed which have been explained tentatively by ionisation of metal atoms sputtered from the vacuum chamber.
Introduction
The ISR are equipped with electrostatic electrodes mounted above and below the beam in the coil overhangs of the bending magnets to clear electrons produced in ionising collisions between stored high energy protons and the rest gasl. Following the discovery of the coupled electron-proton oscillations2 which strongly affect the lifetime and blow-up rate of the beam, causing increased background for colliding beam experiments, the clearing system -initially designed to guarantee a small neutralisation tune shift -had to be improved to reduce the electron concentration below the e-p instability threshold. Mainly localised electron pockets, occurring at the maxima of the longitudinal variations of the beam potential, contribute to the residual neutralization; to clear them efficiently many Electrons created by ionisation of rest gas molecules by high energy protons contribute to the clearing current apart from a fraction which receives sufficient energy to overcome the positive space charge potential of the beam (typically increasing by 100 V/A of beam) and escapes to the vacuum chamber. Measurements suggest that most electrons have, in fact, energies of less than 50 eV. Hence, the number which can escape decreases rapidly with increasing beam current and can be neglected above about 1 A.
The production rate of electrons per proton in the rest gas of density n with the ionisation cross-section a is R = a c n, c being the velocity of light. In a mixture of gases, the contribution of the partial pressures has to be known. For the ISR, the average composition after glow discharge cleaning and 3000C bakeout is listed below. Cross-sections have been calculated using experimental data obtained with high energy electrons and positrons3. Since for ISR energies from 11 to 31 GeV the cross-sections increase by less than 10 %, this energy dependence is neglected.
Gas
Average fraction a in units of 10-23 m2 
Despite the fact that the clearing currents are two ordersof magnitude higher than typical ionisation gauge signals, the technical difficulty consists of measuring at a high voltage. The adopted measuring principle which uses the existing parts of the RF-termination of the electrodes is shown in Fig. 1. During by an individual supply to avoid ground loop problems. These supplies are located in an auxiliary unit which also contains a CMOS-switch array to select individual electrometer outputs (see Fig. 3 ).
To increase noise immunity, the controls of the switches and of the electrometer functions are driven through opto-couplers. The switching functions and ana- Figure 4 shows the pressure profiles along ISR Sector 31 obtained at beam currents of 10 and 39 A. -Perform synchronised measurements on selected electrodes, e.g. to localise beam losses during injection.
-Calculate an apply offset and leakage current corrections for each electrode.
-Facilitate the maintenance of the clearing system. 
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